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Outline

@ Outline of a model of nuclear DIS.

@ Study of consistency between different measurements of nuclear effects in
DIS.

@ DY data (E772 experiment) and nuclear antiquarks.

@ Data/Theory comparison for neutrino differential cross sections.
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Nuclear DIS in Impulse Approximation

In impulse approximation (IA) the major corrections are due to nucleon
momentum distribution and its energy spectrum. Assuming bound nucleon
momentum and energy nonrelativistic we have:
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Bound nucleon momentum and binding energy effect is driven by nuclear spectral
function, which describes probability to find a bound nucleon with momentum p
and energy pg = M +¢:

Pal)= Y (A= 1)n,—pl(0)|A)]*d(c + (A — 1) — Eo(A)).
(A-1),
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It is important to treat Fermi motion and nuclear binding effects properly in IA.
However, consideration of only these effects is not enough for quantitative
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undestanding of data. IA should be corrected for a number of other nuclear effects.
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Model vs. Data

Motivation:

@ Develop a model which would account for a major nuclear effects:

o Realistic nuclear spectral function with a mean-field and correlation
contributions.

o Nuclear meson field contribution (needed for consistency).

o Off-shell correction to bound nucleon structure function (recall additional
dependence on p? for virtual nucleon).

o Nuclear (anti)shadowing corrections due to multiple coherent interaction of
hadronic component of intermediate boson.

@ Proper treatment of isoscalar and isovector contributions

FA = FPA 4 B 4 6.F, + bonFs, i =T,L,3

@ Perform systematic studies of data and test the model.

This program has been carried out and the main results were reported in s.x. &
R.Petti, NPA765(2006)126; PRD76(2007)094023.
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Data can be understood if we consider off-shell correction (along with other
corrections)

2 _ 2
EY (2,Q% %) ~ F}Y (2, Q) (1 +6f() %)

The function §f assumed to be Q2 independent and its = dependence was treated
phenomenologically:

0f(x) =Cn(x —x0)(x —x1)(1 + 20 — )

The parameters Cy, xo, 1 are common for all nuclei, as by definition 4 f(x)
describes off-shell continuation of a free nucleon structure function.

The model leads to a very good agreement with data on nuclear EMC effect. The
x, Q% and A dependencies of the EMC ratios are reproduced for all studied nuclei
(*He to 2°®Pb) in a 4-parameter fit. For detailed discussion and comparison with
data see s.k. & R.P, Nucl. Phys. A765(2006)126. Quality of description is illustrated in
the following Table.
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Targets H x°/DOF
NMC | EMC | E139 | E140 | BCDMS | E665 | HERMES
THe/’H 10.8/17 6.2/21
Li/?H 28.6/17
9Be/*H 12.3/21
12¢/?H 14.6/17 13.0/17
9Be/!2C 5.3/15
120/7Li 41.0/24
14N/2H 9.8/12
27TA1/%H 14.8/21
2TA1/12C 5.7/15
40ca/?H 27.2/16 14.3/17
40Ca/"Li 35.6/24
Oca/t?c 31.8/24 1.0/5
56Fe/?H 18.4/23 4.5/8 14.8/10
56Fe/12C 10.3/15
63Cu/?H 7.8/10
84Kr/?H 4.9/12
108 A g /2H 14.9/17
H9gn /12 94.9/161
197 Au/?H 18.2/21 2.4/1
207ph/2H 5.0/5
207pp/t2C 6.1/15 0.2/5

Values of x2/DOF between different data sets with
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Q? > 1 GeV? and the predictions of KP model
NPA765(2006)126; PRC82(2010)054614. The sum over all data results in x> /DOF = 466.6/586.
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Consistency of different experiments
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Shapes of all nuclear cross-section
ratios are consistent

Evaluate x? for each pair of
experiments in coarse x-bins within the
overlap region of the data sets

Consistent overall normalization for
SLAC E139, NMC and HERMES data
sets

The new JLab E03-103 data is
systematically above previous
measurements resulting in a
x2/d.o.f. = 42.7/12 with respect to
SLAC E139 data on the same targets

An overall normalization factor 0.98 for
all JLab E03-103 points improves the
statistical consistency with SLAC E139
data to x?/d.o.f. = 8.8/12
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Predictions for E03-103

Qfl'z kP model 4/l @ Apply overall normalization factor 0.98
S ; to JLab data on “He/D, °Be/D and
1QC/D

@ Very good agreement of our
predictions with JLab E03-103 for all
nuclear targets: x?/d.o.f. = 26.3/60
for W2 > 2 GeV? (for more details see
SK and RP, arXiv:1004.3062 [hep-ph])

@ Note that this is not a fit. Nuclear
corrections at large x is driven by
nuclear spectral function, the off-shell
function ¢ f(x) was fixed from previous
studies.

@ A comparison with the Impulse
Approximation demonstrates that the
E off-shell correction is crucial to
0_3‘ = ‘0_4‘ = ‘0_5‘ = ‘0_5‘ = ‘0_7‘ = ‘ois‘ = ‘0_9 describe the data Ieading to bOth
Bjorken x modification of the slope and position
of the minimum of the EMC ratios.
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Predictions for HERMES

@ A good agreement of our predictions
with HERMES data for **N/D and
81Ky /D with x?/d.o.f. = 14.7/24

@ A comparison with NMC data for
12C/D shows a significant Q?
dependence at small z in the
shadowing region related to the
cross-section for scattering of hadronic

= S— S states off the bound nucleons nucleons.

0.8 - v HERMES ® NMC 12C/2H — KP model

The model correctly describes the
observed z and Q? dependence.
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The 3He/D and D/p data and FJ'/F¥

@ The He/D data allows extraction of F3'/F}. Comparison of Fi'/F¥
extracted from D/p and ®He/D data provides a consistency test.

@ D/p ratio. If we know Ry = Ff’ /(F} + F3') then we can extract F3'/FY:
F3/Fy = 2R(D/p)/ Rz — 1
@ 3He/D ratio. In order to extract F3'/F} we need to know both Ry and
Rz = F31e/(2F) + F):

F}/FY = (2—2)/(z— 1), with z = 3R(*He/D)R2/Rs
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R2 and R3 were
calculated at the
values of = and Q2 of
E03-103 kinematics
for x > 0.3 and at
fixed Q2 = 3 GeV? for
z < 0.3.

The Paris wave
function was used for
the deuteron, while
the Hannover spectral
function was used for
3He.

@ R and Rz are similar. A dip at  ~ 0.7 is somewhat bigger for R3 because of
stronger binding in *He.

@ Nuclear effects cancel at x ~ 0.35, which is consistent with the measurement of

EMC effect in other nuclei.
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Extraction of Fi'/F¥
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@ Significant mismatch in F3'/FY extracted from different experiments. At
x ~ 0.35, where nuclear corrections are negligible, the F}'/F} from E03-103
is 15% higher than that from NMC.

@ Normalization of F3'/F} is directly related to normalization of *He/D.
Requiring F}'/FY from E03-103 match NMC, we obtain a renormalization
factor of 1.0315:005 for >He/D data.
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3He/D from HERMES and E03-103 experiments
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@ An unbiased way would be to compare uncorrected data, or corrected in a similar
way. However, HERMES exact correction factors are lost. We uncorrect E03-103

data and then apply C;s together with the factor 1.03.

@ After renormalization, E03-103 and HERMES data agree at the overlap (z = 0.35).
Our calculation agree with both data (except the region = > 0.8).
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Drell-Yan nuclear data

Drell-Yan Ratio

dictions of various models of the EMC effect.
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FIG. 3. Ratios of the Drell-Yan dimuon yield per nucleon,
Y.a/Y 2y, for positive xr. The curves shown for Fe/?H are pre-

Also shown are

the DIS data for Sn/?H from the EMC (Ref. 4).

S.Kulagin (INR & UMass)

Nuclear DIS

Drell-Yan production of a lepton pair in
hadron collisions:

d%c

dzpdxr

4o _:
:W KZei [Qf(mB)QS(IT)

+ 32 (z5)qs (ar)]
zrep =Q°%/s,
xB — 1T =2qL/\/5 = TF
Selecting small Q?/s and large 7 we probe
the target's sea. In E772 experiment
s = 1600 GeV°. At zr = x5 — x7 > 0.2 the

process is dominated by ¢Z¢” annihillation.
The ratio of DY yields:

oa" _ qa(zr)
op"  ds(zr)
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Nuclear sea and valence quark distributions

Nuclear corrections for antiquark distribution Rsea = dqa/dn follow directly from
nuclear corrections for C-even ¢ + g and C-odd ¢ — § = gva1 combinations §R*) and
SR):

SReson = SR 4 w (6R(+) _ 573(*))

2gn ()
— §R() 2 _ 2 R 2 = 20 GeV?
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Note a remarkable cancellation between pion and shadowing effects for nuclear antiquark
distribution for large z ~ 0.1 — 0.3.
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Comparison with Drell-Yan data
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Calculations are in reasonable agreement with data on DY ratios. Note that the
mass of dimuon pair was not exactly known from E772 data and calculation was
done for a fixed Q2 = 20 GeV2.
The cancellation from shadowing allows to reconcile nuclear pion excess with DY
data.

S.Kulagin (INR & UMass)

Nuclear DIS

17 / 21



Neutrino cross sections

(Anti)neutrino differential cross sections in terms of Bjorken x and inelasticity y:

dQUg/(V GAME vb o wp .
dzdy - (1 + Q%/M32,)? Y FyY —y*aF)" £ Y_aF)"],
1 M2g2y2 1

Recently published cross-section data:

NuTeV data on %Fe:
about 1400v + 12007 data points for

35 < E < 340 GeV, 0.015 < x < 0.75,

0.05 < y < 0.95.
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CHORUS data on 20%Phb:
about 600v 4 6007 data points for

25 < E <170 GeV, 0.02 < z < 0.65,

0.1 <y<0.S8.

Nuclear DIS
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Data/Theory pulls for cross sections

Data/Theory
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Data/model predictions by s.k. and R.Petti, NPA 765 (2006) 126; PRD 76 (2007) 094023. The
x-point is the weighted average over available E and y. The solid horizontal lines

indicate a +2.5% band.
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x? analysis (not a FIT)

No. of data points x°/d.o.f.
Cut Neutrino |  Antineutrino Neutrino |  Antineutrino
NuTeV (Fe)
No cut 1423 1195 1.36 1.10
x > 0.015 1324 1100 1.15 1.08
x < 0.55 738 671 1.16 1.02
0.015 < = < 0.55 686 620 0.97 1.01
CHORUS (Pb)
No cut 607 607 0.68 0.84
x > 0.02 550 546 0.55 0.83
x < 0.55 506 507 0.74 0.83
0.02 <z < 0.55 449 447 0.60 0.83

@ Good agreement with CHORUS differential cross section data for ?°®Pb in the
whole kinematical range.
@ Good agreement with NuTeV cross sections for °Fe for 0.015 < = < 0.55.

@ Excess of data/theory for NuTeV cross sections at large = > 0.5 for both v and 7.
This is not supported by CHORUS(Pb) (and also NOMAD(Fe) data — Roberto Petti,

private communication).

@ Excess of data over theory for both, NuTeV and CHORUS data at small =
(0.015 — 0.025) (also supported by preliminary NOMAD(Fe) data — Roberto Petti,

private communica tion) .
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Summary

@ A detailed model of nuclear DIS was developed and tested in applications to
charged-lepton and neutrino DIS.

@ Data-to-data analysis was performed that allows to spot possible issues in
normalization of recent JLab measurements of nuclear ratios.

@ An interesting cancellation was found between shadowing and nuclear pion
correction in antiquark distributions. This observation was discussed in context of
the E772 DY experiment.

@ A detailed Data/Theory comparison was performed for neutrino differential cross
sections from the NuTeV and CHORUS experiments.
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